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Machining difficult-to-cut materials 
Physical-mechanical properties of difficult-to-cut 
materials  
 High temperature strength 
 Low thermal conductivity  
 High toughness 
 Tendency to strain hardening (nickel-based alloys) 
 Low E-Modulus (titanium) 
Effects on the machinability and the cutting  
process 
 High thermo-mechanical tool-load,  
 excessive tool wear,  low tool life time 
 Low appicable cutting speeds, high processing times, 
 high manufacturing costs 
 Ribbon and snarled chips (cont. cutting) 
Low productivity 
Low process stability 
source: Thyssen-Krupp, Rolls-Royce 
source: Kreis 
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water based cutting fluid 
high-pressure coolant supply 
conventional coolant supply 
Lubricoolant strategies for high-performance cutting 
Dry 
machining 
Minimum quantity 
lubrication MQL 
Media: Oil, Emulsion, Water 
Wet machining 
Cryogenic 
machining 
Source: Fuchs Source: Kennametal 
non water based coolant 
CO2-snow 
LN2 
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High pressure lubricoolant supply 
 Well directed supply of lubricoolant 
    to the chip/tool contact zone 
 One or more focused high energy jets 
 Jet generation through high static pressure  
 (> 70 bar)  
Potential of high pressure lubricoolant 
supply in machining 
 Effective coolant and lubrication of the tool/chip contact 
 zone and the tool  
 Increased productivity 
– Higher material removal rates through reduced thermal  
load of the tool and therefore reduced wear 
 Increased process reliability 
– Improved chip breakage  
– Reliable chip removal 
– Longer tool life  
with conv. flood cooling 
Chip formation 
Radial grooving of 
Inconel 718 
Tool wear with HP lubricoolant supply 
p = 80 bar, Q = 29 l/min 
p=150 bar, Q=23 l/min  
Turning of Ti6246 500 µm
600 µm 
HP-Lubricoolant supply 
p=150 bar, Q=22 l/min   
Improved chip breakage and tool life with high pressure lubricoolant 
supply 
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Conversion of Chip Form Geometry in „Jet guidance geometry“ 
 Conventional chip form geometries (e.g. CNMG) may 
adversely affect the penetration of the focussed 
lubricoolant jets to the cutting edge 
 Through the impact of the lubricoolant jet on the rake face 
far away from the cutting edge, the jet is disturbed and 
fanned out  Loss of jet power  
(In practice, this phenomenon is often not recognized and 
the pressure is further increased higher energy 
consumption!) 
 Specially designed chip form geometries for a better jet 
guidance to the cutting edge is necessary! 
Conversion of  
Chip Form Geometry in  
„Jet guidance geometry“ 
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Reference Cutting Insert: 
CNMG120408-TF 
CNMA120408-F 
CNMA CNMG 
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Tool and Cutting Insert Overview for WP 2 (Working package): 
Reference Tool (Ref) 1 and 2 as well as Tool Holder 
Reference tools Tools with Jet guidance geometry Tool holder 
CNMG 120408-TF 
CNMA 120408-F 
Rake face  
jet 
Flank face jet 
is closed 
ISCAR  
PCLNL 2525M-12-JHP 
(Nozzle: NZ-CW-JH) 
25.7° 
0,17 
1.32 
21.6° 
0.17 
0.58 
0.25 0.25 0.17 
0.61 
29,5° 
B - B C - C D - D 
17.46° 
0.17 
0.58 
0.13 
Jgg A Jgg B Jgg C Jgg D 
Ref 1 
Ref 2 
Geometry: CNMA120408 +  Lasered Jet guidance geometry  
rß = 0.025 rß = 0.025 A - A rß = 0.025 rß = 0.025 
Jet 
Impact 
Point 
 
Jet 
Impact 
Point 
 
500 μm 500 μm 500 μm 500 μm 
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Experimental set-up on the CNC lathe (Monforts RNC 400plus) and 
measuring principle and and position for temperature measurement 
insert 
nozzle 
flank face sided  
coolant supply 
conventional  
overflood cooling 
tool holder 
workpiece 
high-pressure  
tube-tool  
connection 
Work- 
piece 
HP 
Lubricoolant Jet 
Blind Hole 
Ø = 0,5 mm 
Indexable  
Insert  
Photodiode Amplifier 
Lens 
Dichroic 
Beam-Splitter  
IR-
Filter 
Point of  
measurement 1) 
Glass Fiber 
0,15 mm  
Cut A-A 
300  µ m 
rake  
face 
Temperature  
measuring point 
Measuring principle  Measuring position 
Point of measurement 
1) 
1) Distance rake face to  
point of measurement 0,15 mm 
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Wear Curves of 42CrMo4+QT during External Longitudinal Roughing 
Machine:  Monforts RNC400+ 
Material: 42CrMo4+QT (S<0,01%) 
Process: External Longitudinal 
 Roughing 
Tool holder: ISCAR PCLNL  
 2525M-12-JHP 
Tool material: IC907 (HC M05-M20) 
Cutting speed:  vc = 200 m/min 
Feed: f = 0,2 mm 
Depth of cut: ap = 2 mm 
Coolant supply: p = 80 bar, 
 Q = 23 l/min 
Reference Tool  
(Ref 1) 
Jgg B 
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500 μm 500 μm 500 μm 500 μm 500 μm 
500 μm 500 μm 500 μm 500 μm 500 μm 
500 mm tc =  60,83 min 
Chip form 
tc = 61 min, lc = 12.167 m tc = 28 min, lc= 5.549 m tc = 34 min, lc = 6.817 m tc = 25 min, lc = 5.071 m tc = 58 min, lc = 11.516 m 
500 mm tc =  48,02 min 
Ref 1 Jgg A Jgg B Jgg C Jgg D 
VB = 139 µm VB = 103 µm VB = 106 µm VB = 106 µm VB = 102 µm 
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Ref 1 
50 
500 mm tc =  32,22 min 
Jgg D Jgg B 
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Wear Curves during External Longitudinal Finishing of  42CrMo4+QT 
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500 μm 500 μm 
500 μm 500 μm 500 μm 
500 μm 
500 μm 
500 μm 
500 μm 
500 μm 
500 μm 
500 μm VBmax = 220 µm VBmax = 254 µm VBmax = 234 µm VBmax = 300 µm VBmax = 224µm VBmax = 282µm 
Ref 1 Ref 2 Jgg A Jgg B Jgg C Jgg D 
tc =  23 min, lc = 8081 m tc = 25 min, lc = 8915 m tc = 28 min, lc = 9598 m tc = 18 min, lc = 6283 m tc =  15 min, lc = 5353 m tc = 16 min, lc = 5561 m 
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VBmax = 200 µm  
50 
100 
0 
150 
200 
250 
300 
350 
cutting time tc / min 
Jgg D 
Jgg C 
Jgg B 
Jgg A 
Reference Tools  
≈ +50%  
5 30 
(Ref 2) (Ref 1) 
10 15 
≈ +20%  
Coolant supply: p = 40 bar, 
 Q = 16 l/min 
Coolant: Emulsion, 7% 
Machine:  Monforts RNC400+ 
Material: 42CrMo4+QT  
 (S<0.01%) 
Tool holder:  ISCAR PCLNL  
  2525M-12-JHP 
Tool material: IC907 (HC M05-M20) 
Cutting speed:  vc = 350 m/min 
Feed: f = 0,2 mm 
Depth of cut: ap = 0.4 mm 
tc = 1.49 min 10 mm 
10 mm tc =  1.56 min 
Jgg B 
Ref 2 
Ref 1 
tc =  1.17 min 10 mm 
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Chip form during External Longitudinal Finishing of 42CrMo4+QT 
(vc = 350 m/min, ap = 0,4 mm, f = 0,2 mm, p = 40 bar, Q = 16 l/min)  
Ref 1 Ref 2 Jgg A Jgg B Jgg C 
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Chip length 
10 - 50 cm 
S42_1_V1 
tc =  1,17 min 
Jgg D 
10 mm S24_1_V1 
tc =  1,00 min 
tc =  6,95 min 
S24_1_V4 
S24_1_V6 
tc =  10,83 min 
S24_1_V8 
tc =  14,65 min 
10 mm 
S42_1_V4 
tc =  5,08 min 
10 mm 
S42_1_V9 
tc =  13,21 min 
10 mm 
S42_1_V12 
tc =  17,22 min 
10 mm 
S52_1_V1 
tc =  1,49 min 
10 mm 
S52_1_V5 
tc =  10,33 min 
10 mm 
10 mm S34_1_V1 
tc =  1,52 min 
10 mm S3_1_V1 
tc =  1,57 min 
10 mm S3_1_V9 
tc =  12,90 min 
10 mm S3_1_V17 
tc =  23,16 min 
10 mm S13_1_V1 
tc =  1,56 min 
10 mm S13_1_V9 
tc =  13,36 min 
Chip length  
Approxima- 
tely 10 cm 
Chip length 
10 to 50 cm 
10 mm 
10 mm 
10 mm 
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Formation of wear maxima while using chip geometries with jet 
guidance 
Jgg A: tc = 25,5 min VBmax = 234 µm (Finishing) 
Jgg D: tc = 15,3 min VBmax = 282 µm (Finishing) 
500µm 
Flank deflects  
lubricoolant jet  
Turbulent  
Flow = 
Dead Water  
Region 
500µm 
x 
y z 
no effective 
lubricoolant 
achievement 
x 
y 
z 
x 
y 
z 
poor lubricoolant  
achievement 
x 
y z 
1mm 
1mm 
500µm 
500µm 
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Cutting Forces during External Longitudinal Roughing 
(vc = 200 m/min, ap = 2 mm, f = 0,2 mm, p = 80 bar, Q = 23 l/min) 
0
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Ref 1 Ref 2 Jgg A Jgg B Jgg C Jgg D 
Roughing 
Finishing 
Machine:   Monforts RNC400plus 
Material:  42CrMo4+QT (S<0.01%) 
Process:  External longitudinal turning 
Tool holder:  ISCAR PCLNL  
  2525M-12-JHP 
Tool material: IC907 (HC M05-M20) 
 
Roughing: 
Cutting speed: vc = 200 m/min 
Feed: f = 0,2 mm 
Depth of cut: ap = 2 mm 
Coolant supply: p = 80 bar, 
 Q = 23 l/min 
Coolant: 
Type:  Fuchs Ecocool  
 2525-HP, 7% 
Supply: directed to rake  
 face via nozzle  
 NZ-CW-JHP 
Fc 
Ff 
Fp 
Finishing: 
Cutting speed: vc = 350 m/min 
Feed: f = 0.2 mm 
Depth of cut: ap = 0.4 mm 
Coolant supply: p = 40 bar, 
 Q = 16 l/min 
Fc : Cutting force, Ff : Feed force, Fp : Passive force 
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Measurement of Temperature near the Cutting Zone  
Jet Guidance Geometry in comparison to Reference Tool 
Machine:    Monforts RNC400+ 
Material: 42CrMo4+QT (S<0.01%) 
Process: External longitudinal turning 
Reference tool:  CNMG120408-TF (Ref 1) 
Special tool: Jet Guidance Geometry D 
Tool material:   IC907 (HC M05-M20) 
Coating:   PVD-TiAlN/TiN  
Tool holder:   ISCAR PCLNL 2525M-12-JHP 
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Cutting speed:    vc = 300 m/min 
Depth of cut:   ap = 2 mm 
Feed:   f  = 0.2 mm 
Coolant supply:   onto rake face 
   via NZ-CW-JHP 
Coolant:   Fuchs Ecocool  
   TN 2525 HP, 7% 
Work- 
piece 
HP 
Lubricoolant Jet 
Blind Hole 
Ø = 0,5 mm 
Indexable  
Insert  
Photodiode Amplifier 
Lens 
Dichroic 
Beam-Splitter  
IR-
Filter 
Point of  
measurement 1) 
Glass Fiber 
0,15 mm  
Cut A-A 
300  µ m 
rake  
face 
Temperature  
measuring point 
Measuring principle  
Measuring position 
Point of measurement  
1) 
1) Distance rake face to  
point of measurement 0,15 mm 
A 
A 
0,1 0,2 0,3 
Reference Tool (p = 80 bar, Q = 23 l/min) 
Conventional Overflood Cooling  (p = 6 bar, Q = 12 l/min) 
Jet Guidance Geometry D 
(p = 80 bar, Q = 23 l/min) 
Seite 14 © WZL/Fraunhofer IPT 
Conclusion and Outlook 
 High-pressure lubricoolant supply  
Using the high-pressure lubricoolant supply leads to: 
– Optimized jet guidance geometries can lead to a significant 
reduction of tool wear and tool temperature in comparison 
to overflood cooling  Increased productivity 
– Best results in terms of tool wear and temperature were 
achieved with combined (rake and face sided) lubricoolant  
supply variant 
– Besides the reduction of tool temperature by almost 46 %,  
tools with jet guidance geometries guarantee process stability  
through an effective chip breaking starting at pressure values  
in the range of 40 bar 
 
 Outlook 
Lack of knowledge concerning the influence of high-pressure  
lubricoolant supply on surface integrity in finish turning: 
– Influence of supply parameters (pressure and flow rate) on surface  
integrity (plastic deformation, residual stress, micro hardness, surface roughness, …) 
